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ABSTRACT  This  prospective  study  determined  whether  selected  anatomic  measures  identified  women  at  increased 
risk  of  patellofemoral  pain  syndrome  (PFPS)  and  shin  splints  (SS).  Ten  anatomic  measures  were  performed  on 
748  women  before  basic  training  at  the  Marine  Corps  Recruit  Depot  (MCRD),  Parris  Island,  South  Carolina.  Recruits 
were  then  followed  throughout  basic  training  for  occurrence  of  injuries.  Logistic  regression  modeling  indicated  that  a  left 
hip  internal  rotation  range  of  motion  (ROM)  <25°  and  >46°,  a  right  Q  angle  >20°,  and  left  knee  hyperextension  ROM  >6° 
were  positively  associated  with  PFPS.  Whereas  left  dorsiflexion  ROM  >21°  was  associated  with  SS,  right  Q  angle  >20° 
was  inversely  associated  with  SS.  These  findings  suggest  that  multiple  anatomic  measures  can  be  used  to  identify  women 
entering  MCRD  basic  training  at  risk  for  PFPS  and  SS  injuries. 


INTRODUCTION  j 

Musculoskeletal  injuries  classified  as  overuse  syndromes  are 
a  serious  problem  for  women  participating  in  competitive  and 
recreational  running]  They  are  especially  important  for  female 
recruits  during  military  training.  Prospective  studies  of  military 
populations  at  different  entry-level  programs  have  consistently 
reported  higher  injury  rates  among  women  than  men.1-3  In  par¬ 
ticular,  the  incidence  of  patellofemoral  pain  syndrome  (PFPS) 
and  shin  splint  (SS)  injuries  have  been  commonly  reported 
among  women  undergoing  various  entry-level  military  training 
programs.13-5  The  impact  of  these  overuse  syndrome  injuries 
can  be  substantial  because  they  frequently  result  in  lost  training 
time,  medical  expenses,  and  decreased  operational  readiness. 

Most  studies  that  Have  examined  risk  factors  for  injury  among 
female  recruits  have  focused  almost  exclusively  on  stress  frac¬ 
tures,  likely  due  to  their  associated  disability  and  increased  risk 
of  attrition.6-9  However,  the  risk  of  non-stress-fracture-related 
lower  extremity  overuse  injuries  during  basic  training  has  been 
shown  to  be  greater  than  that  of  stress  fractures.7  Several  mod¬ 
ifiable  and  nonmodifiable  factors  have  been  associated  with 


non-stress  fracture  lower  extremity  overuse  injuries,  including 
low  aerobic  or  physical  fitness,23  lack  of  prior  conditioning,4 
low  self-rated  physical  fitness,7  limited  leg  strength,4  older  or 
younger  age,910  taller  or  shorter  height,3  increased  or  decreased 
body  weight,41011  and  menstrual  irregularities.9  Previous  stud¬ 
ies  have  suggested  that  structural/alignment  irregularities  are 
associated  with  overuse  injuries.1213  However,  information  in 
the  literature  is  sparse  with  respect  to  the  relationship  between 
structural/alignment  irregularities  and  increased  risk  of  non- 
stress-fracture  overuse  injuries  in  female  recruits. 

Identifying  and  understanding  risk  factors  for  overuse  inju¬ 
ries  is  essential  if  they  are  to  be  prevented  or  minimized.  The 
purpose  of  the  present  study  was  to  examine  the  association 
of  selected  anatomic  measures  with  two  common  types  of 
overuse  injuries  among  female  Marine  Corps  recruits:  PFPS 
and  SS.  We  initially  expected  that  hip  and  knee  measurements 
would  be  predictive  of  PFPS  injuries,  and  ankle/foot  measure¬ 
ments  would  be  associated  with  SS  injuries.  We  then  investi¬ 
gated  whether  any  hip,  knee,  or  ankle/foot  measure  would  be 
associated  with  PFPS  or  SS. 
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MATERIALS  AND  METHODS 

A  total  of  748  female  Marine  Corps  recruits,  who  arrived  at 
the  Parris  Island  Marine  Corps  Recruit  Depot  (MCRD)  from 
March  1995  to  September  1996,  volunteered  to  participate  in 
a  pretraining  study  of  exercise,  health,  and  nutritional  hab¬ 
its.  All  participants  received  the  Privacy  Act  statement  and 
signed  an  informed  consent  form  in  compliance  with  all  appli¬ 
cable  federal  regulations  governing  the  protection  of  human 
subjects  in  research  and  approved  by  the  institutional  review 
board  of  the  Naval  Health  Research  Center,  San  Diego,  CA. 
All  study  participants  were  free  of  symptoms  from  injury  at 
the  time  of  the  measurements. 

Overuse  Injuries 

We  followed  the  recruits  throughout  basic  training  at  MCRD  for 
occurrence  of  lower  extremity  musculoskeletal  overuse-related 
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injuries.  All  injuries  were  diagnosed  by  a  sports  medicine 
physician  and  the  orthopedic  International  Classification  of 
Diseases ,  9th  Revision,  clinical  modification  (ICD-9-CM) 
code  for  PFPS  (719.46)  and  SS  (844.9)  recorded  in  the 
recruit’s  medical  record.14 

Descriptive  Measurements 

At  the  beginning  of  the  anthropometry  session,  staff  recorded 
the  recruits’  age  and  race/ethnicity.  Weight  and  height  were 
measured  with  a  standard,  calibrated  physician’s  beam  scale 
and  stadiometer,  respectively.  Body  mass  index  (BMI)  was 
calculated  from  weight  (kilograms)  and  height  (meters)  as 
weight/height2. 

Anatomic  Measurements 

Before  basic  training,  subjects  were  taken  to  a  medical  clinic 
bay  that  was  set  up  with  three  measuring  stations.  Two  indi¬ 
viduals — one  anthropometrist  and  one  medical  corpsman — 
staffed  each  station.  Each  station  took  specific  measurements 
for  each  subject.  One  station  staffer  would  always  mark  and 
take  the  measurement  while  the  other  staffer  assisted  and 
recorded  the  measurements.  Each  anatomic  measurement  was 
taken  in  complete  sequence  twice  and  then  averaged. 

The  following  selected  measures  were  obtained  in  the 
standing  position: 

Pelvic  Width 

Arms  of  a  large  sliding  caliper  with  a  Vernier  scale  were 
placed  at  the  widest  point  (iliac  tubercle)  on  the  right  and  left 
sides  of  the  subject’s  pelvis.15  The  width  of  the  pelvis  girdle 
was  recorded  to  the  nearest  0. 1  cm. 

Knee  Alignment 

Subjects  were  asked  to  stand  with  knees  locked  and  feet 
shoulder-width  apart.  Subjects  then  moved  one  leg  toward  the 
other  until  their  ankle  or  knee  came  together.15  Using  a  tri¬ 
angle  caliper,  the  distance  between  the  subject’s  knees  (femo¬ 
ral  condyles  [valgus])  or  ankles  (medial  malleoli  [varus])  was 
measured  to  the  nearest  0. 1  cm. 

Navicular  Height  and  Foot  Length 

With  subjects  braced  against  a  table  or  wall,  subjects  were 
asked  to  take  weight  off  and  bend  their  left  leg  at  the  knee, 
and  then  extend  their  left  leg  backward  slightly,  thus  keep¬ 
ing  weight  balanced  and  evenly  distributed  on  right  foot  with 
the  knee  locked.15  For  navicular  height,  the  vertical  distance 
between  the  floor  and  the  lower  edge  of  the  navicular  tubercle 
of  the  subject’s  right  foot  (previously  marked)  was  measured 
to  the  nearest  0. 1  cm  with  a  metric  ruler.  For  foot  length,  the 
distance  from  the  tuber  calcanei  (heel  edge)  to  the  first  meta¬ 
tarsophalangeal  joint  on  the  floor  along  the  medial  edge  of 
the  foot  was  measured  to  the  nearest  0. 1  cm.  The  process  was 
repeated  for  the  left  foot. 

The  following  measures  were  obtained  in  the  supine 
position: 


Absolute  Leg  Length 

Absolute  leg  length  was  a  combination  of  the  subject’s  upper 
and  lower  leg  length.  For  upper  (femoral)  and  lower  leg  (tib- 
ial)  lengths,15,16  a  cloth  measure  was  tautly  extended  from  the 
anterior  superior  iliac  spine  (ASIS)  to  medial  knee  joint  space 
and  then  medial  knee  joint  space  to  medial  malleolus,  respec¬ 
tively.  Both  lengths  were  recorded  to  the  nearest  0.1  cm. 

Q  Angle 

A  mark  was  made  on  the  center  of  the  subject’s  patella.15 
The  ASIS  and  tibial  tuberosity  were  then  located  and  marked. 
The  fulcrum  of  a  standard  360°  goniometer  was  placed  in  the 
center  of  the  patella  and  arms  were  directed  at  the  ASIS  and 
tibial  tuberosity.  The  angle  obtained  was  recorded  to  the  near¬ 
est  degree. 

Knee  Extension 

With  the  subject’s  toes  pointing  toward  the  ceiling,  one  exam¬ 
iner  held  the  subject’s  heel  about  8  inches  off  the  table  and 
then  instructed  the  subject  to  relax  her  thigh  muscles.  Another 
examiner  then  placed  the  fulcrum  of  a  goniometer  in  the  center 
of  the  lateral  space  of  the  knee  with  one  arm  pointing  toward 
the  greater  trochanter  and  the  other  arm  at  the  lateral  malleo¬ 
lus.  The  angle  obtained  was  recorded  to  the  nearest  degree.15 

Ankle  Dorsiflexion 

The  subject  was  asked  to  point  (dorsiflex)  her  foot  maximally 
with  the  knee  in  an  extended  position.  The  examiner  then 
placed  the  axis  of  a  goniometer  on  the  lateral  malleolus  with 
the  stationary  arm  parallel  to  the  fibula.  The  movable  arm  was 
then  aligned  parallel  to  the  lateral  midline  of  the  fifth  metatar¬ 
sal.15  The  angle  obtained  was  recorded  to  the  nearest  degree. 

The  following  measurements  were  obtained  in  the  prone 
position: 

Internal  Hip  Rotation 

The  subject’s  right  knee  was  flexed  to  a  90°  position  and  per¬ 
pendicular  to  the  transverse  line  across  the  ASIS  of  the  pel¬ 
vis,  midway  between  external  and  internal  rotation.  The  axis 
of  the  goniometer  was  placed  over  the  central  patella  of  the 
right  leg,  with  the  stationary  arm  of  the  goniometer  parallel  to 
the  axis  of  the  tibia  and  perpendicular  to  the  floor  and  exam 
table.  The  movable  goniometer  arm  was  lined  up  along  the 
midline  of  the  tibia,  and  the  ankle  was  moved  inward  until 
taut.  The  angle  between  the  stationary  arm  and  movable  arm 
was  recorded  to  the  nearest  degree.15 

Hindfoot  Eversion 

With  the  subject’s  legs  in  an  extended  position  and  feet  off  the 
exam  table,  the  axis  of  the  goniometer  was  placed  on  the  mark 
of  the  upper  heel  at  the  insertion  of  the  Achilles  tendon.  The 
stationary  and  movable  arms  of  the  goniometer  were  aligned 
parallel  to  the  axis  of  the  tibia  and  long  axis  of  the  midheel, 
respectively.  The  subject’s  right  heel  was  then  turned  inward 
with  subtalar  movement  only.  The  angle  between  the  stationary 
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(midline  of  lower  leg)  and  the  movable  arms  of  the  goniom¬ 
eter  (midline  of  the  calcaneus)  was  measured  to  the  nearest 
degree.15 

I 

i 

Ober’s  Test 

To  measure  iliotibial  band  (ITB)  tightness,  the  subject  was 
placed  at  the  right  edge  of  the  exam  table  in  the  left  side-lying 
position,  and  the  left  knee  in  a  slightly  flexed  position.  The 
subject’s  right  extended  leg  was  lifted  at  the  ankle  toward  the 
ceiling  maximally,  pulled  back  toward  the  examiner,  and  then 
the  leg  was  allowed  to  slowly  lower  toward  the  table  while  sta¬ 
bilizing  the  pelvis  at  a  right  angle  to  the  table.  If  the  leg  settled 
above  horizontal  (intermediate)  it  was  recorded  as  a  positive 
(tight  ITB)  test.16 

Data  Analysis 

Descriptive  and  univariate  statistics  were  used  to  describe  the 
population  and  compare  outcome  groups.  The  following  con¬ 
tinuous  variables  were  categorized  on  the  basis  of  reported  clin¬ 
ical  normal/abnormal  ranges:  leg-length  difference  (<0.50  cm 
[normal]/>0.50-1.0|  cm/>1.0-1.5  cm/>1.5  cm),17  internal 
femoral  rotation  range  of  motion  (ROM  <25726-45°  [nor- 
mal]/>46°),16  Q  angle  (<20°  [normal]/>20°),17  knee  hyperex¬ 
tension  ROM  (<5°[normal]/>6°),18  ankle  dorsiflexion  ROM 
(<1071 1-20°  [norrnal]/>21°), 16,19  and  hindfoot  eversion  ROM 
(0-172-10°  [normal]/>  1 1°).19  The  Ober’s  test  was  classified 
as  positive  or  negative  (normal).16  Knee  alignment  was  cate¬ 
gorized  as  varus,  valgus,  varus/valgus,  and  neutral  (normal).16 
For  the  following  twp  measurements  that  did  not  have  reported 
clinical  normal/abnormal  values,  we  used  the  top  and  bottom 
20%  quintiles  to  define  abnormal. 12,13  Pelvic  width/femur  length 
ratio  was  calculated  as  pelvic  width  divided  by  femur  length 
and  categorized  as  ^0.26  (narrow)/0.27-0.30  (normal)/>0.3 1 
(wide).  Arch  index  jwas  calculated  as  arch  height  divided  by 
foot  length  and  categorized  as  <0.149  (low)/0. 150-0.2 16 
(normal)/>0.217  (high). 

Initially,  unadjusted  logistic  regression  models  were  used 
to  calculate  odds  ratios  and  95%  confidence  intervals  sepa¬ 
rately  for  PFPS  and  SS  injuries,  comparing  the  proportion  of 
recruits  in  a  high-risk  group  with  the  proportion  of  recruits 
in  a  baseline  or  referent  (low  risk)  group  for  each  anatomic 
measure.  The  normal  range  was  used  as  the  reference  (low 
risk)  category.  Multivariate  logistic  regression  was  then  fit  for 
PFPS  and  SS  injuries,  separately,  adjusting  for  age,  height, 
weight,  and  anatomic  measures  found  significant  in  the  uni¬ 
variate  analyses,  to  determine  a  final  adjusted  risk  model. 
Statistical  significance  was  defined  as  a  95%  confidence  inter¬ 
val  exclusive  of  1.  SPSS  version  15.0  statistical  software  was 
used  for  all  analyses  (SPSS,  Inc.,  Chicago,  IL). 

RESULTS 

Study  Population 

Mean  ±  SD  age  of  the  sample  was  19  (2.0)  years  (range  17-31 
years)  and  90%  were  younger  than  22  years.  Approximately 


64%  of  subjects  identified  themselves  as  Caucasian,  18% 
black,  12%  Hispanic,  and  7%  other.  Mean  ±  SD  height, 
weight,  and  BMI  were  163.4  (6.6)  cm,  58.4  (6.7)  kg,  and  21 .9 
(1.8),  respectively.  Over  90%  (93.3%)  of  the  subjects  were  in 
the  normal  BMI  range  (Centers  for  Disease  Control  guide¬ 
lines:  18.5-24.9  kg/m2). 

Lower  Extremity  Overuse  Injuries 

During  the  13  weeks  of  Marine  Corps  basic  training,  of  the 
748  subjects,  7.5%  ( n  =  56)  were  diagnosed  with  PFPS  and 
7.2%  (n  =  54)  with  SS.  Of  these,  6  of  the  recruits  incurred  both 
a  PFPS  and  SS  injury.  For  these  recruits,  we  only  used  the 
injury  that  occurred  first  in  our  analyses.  Thus  a  total  of  initial 
53  PFPS  and  51  SS  injuries  were  used  in  the  risk  analyses. 

Hip  Measures  and  Injury 

Recruits  with  a  left  hip  (femoral)  internal  rotation  ROM 
<25°  or  >46°  were  more  than  four  and  two  times  as  likely  to 
incur  a  PFPS  injury,  respectively,  than  recruits  with  a  left  hip 
(femoral)  internal  ROM  26°-45°  (<25°:  OR  =  4.7;  95%  Cl: 
2.2-10.2;  >46°:  OR  =  2.3;  95%  Cl:  1 .2-4.4)  (Table  I).  Recruits 
with  a  narrow  pelvic  width/femur  length  ratio  (<0.26)  were 
twice  as  likely  to  incur  an  SS  injury  as  were  recruits  with 
a  pelvic  width/femur  length  ratio  of  0.27-0.30  (OR  =  2.0; 
95%  Cl:  1. 1-3.9). 


TABLE  I.  Unadjusted  Odds  Ratios  of  Patellofemoral  Pain 
Syndrome  and  Shin  Splint  Injuries  by  Selected  Hip  Anatomic 
Measures  Among  Female  Marine  Corps  Recruits  ( n  =  748) 


PFPS 

Shin  Splints 

Hip  Measures 

N 

(%) 

OR  95%  Cl 

(%) 

OR  95%  Cl 

Ober’s  Test 

R  Negative 

502 

7.2 

1.0 

6.2 

1.0 

R  Positive 

246 

6.9 

1.0  (0.5-1. 8) 

8.1 

1.4  (0.8-2 .4) 

L  Negative 

496 

7.1 

1.0 

6.0 

1.0 

L  Positive 

252 

7.1 

1.0  (0.5-1. 8) 

8.3 

1.4  (0.8-2.5) 

Leg  Length  Difference 
<0.5  cm  401 

7.2 

1.0 

7.0 

1.0 

>0.5- 1.0  cm 

199 

6.9 

1.0  (0.5- 1.9) 

6.9 

1.0  (0.5-1. 9) 

>  1 .0—1.5  cm 

98 

5.3 

0.7  (0.3- 1.9) 

7.4 

1.1  (0.5-2. 5) 

>1.5  cm 

50 

10.0 

1.4  (0.5-3.9) 

4.0 

0.6  (0.1-24) 

Femoral  Internal  Rotation 

R  <  25°  41 

12.2 

2.1  (0.8-5. 7) 

4.9 

0.7  (0.2-3. 2) 

R 26-45° 

449 

6.2 

1.0 

6.5 

1.0 

R  >  46° 

258 

7.8 

1.3  (0.7-2. 3) 

7.8 

1.2  (0.7-2.2) 

L  <  25° 

68 

17.6 

4.7  (2.2-10.2) 

2.9 

0.4  (0.1-1. 8) 

L  26-45° 

460 

4.3 

1.0 

6.7 

1.0 

L  >  46° 

220 

9.5 

2.3(1.2-44) 

8.2 

1.2  (0.7-2. 3) 

Pelvic  Width/Femur  Length  Ratio" 

Narrow  (<0.26)  150  8.0  1.2(0.6-2.3) 

10.7 

2.0(1. 1-3.9) 

Normal 

448 

6.9 

1.0 

5.6 

1.0 

(0.27-0.30) 

Wide  (>0.31) 

150 

6.7 

1.0  (0.5-2.0) 

6.7 

1.2  (0.6-2.6) 

OR,  odds  ratio;  Cl,  confidence  interval;  PFPS,  patellofemoral  pain  syndrome; 
R,  right  limb;  L,  left  limb. 

"Pelvic  width/femur  length  ratio:  narrow  and  wide  categories  based  on  top 
and  bottom  quintiles. 
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Knee  Measures  and  Injury 

Recruits  with  a  right  or  left  Q  angle  >20°  were  over  and  nearly 
two  times  more  likely  to  incur  a  PFPS  injury,  respectively, 
than  recruits  with  a  right  or  left  Q  angle  <20°  (right:  OR  =  2.3; 
95%  Cl:  1.3-4.0;  left:  OR  =  1.9;  95%  Cl:  1. 1-3.3)  (Table  II). 
However,  recruits  with  a  right  Q  angle  >20°  were  less  likely 
to  incur  an  SS  injury  than  were  recruits  with  a  right  Q  angle 
<20°  (OR  =  0.4;  95%  Cl:  0.2-0.9).  Recruits  with  a  left  knee 
hyperextension  ROM  >6°  were  twice  as  likely  to  incur  a  PFPS 
injury  than  recruits  with  a  left  knee  hyperextension  ROM  <5° 
(OR  =  2.0;  95%  Cl:  1. 1-3.5). 

Ankle/Foot  Measures  and  Injury 

Only  recruits  with  a  right  or  left  dorsiflexion  ROM  >21 0  were 
over  two  and  three  times  more  likely  to  incur  an  SS  injury  than 
recruits  with  a  right  or  left  dorsiflexion  ROM  1 1-20°,  respec¬ 
tively  (right:  OR  =  2.6;  95%  Cl:  1.1 -6.0;  left:  OR  =  3.4;  95% 
Cl:  1. 4-8.4)  (Table  III). 

Multivariate  Logistic  Analyses 

In  our  final  models  for  PFPS  and  SS,  our  exposures  were  the 
anatomic  factors  that  were  associated  with  risk  of  injury  in  our 
unadjusted  analyses.  We  also  controlled  for  age,  height,  and 
weight  in  our  final  models  since  they  have  been  associated 
with  injury  in  previous  studies.  For  PFPS,  left  hip  (femoral) 
internal  rotation  ROM  <25°  or  >46°  (<25°:  OR  =  4.6;  95% 
Cl:  2.1-10.2;  >46°:  OR  =  2.2;  95%  Cl:  1. 1-4.2),  a  right 
Q  angle  >20°  (OR  =  2.5;  95%  Cl:  1. 4-4.6),  and  left  knee  hyper¬ 
extension  ROM  >6°  were  associated  with  risk  of  injury  (OR 
=  2.1;  95%  Cl:  1. 2-3.7)  (Table  IV).  Although  a  left  dorsiflex¬ 
ion  ROM  >21°  was  associated  with  SS  injury  (OR  =  3.7;  95% 
Cl:  1. 4-9.6),  a  right  Q  angle  >20°  was  associated  with  a  60% 
decreased  risk  of  SS  injury  (OR  =  0.4;  95%  Cl:  0.2-0.8). 


TABLE  II.  Unadjusted  Odds  Ratios  of  Patellofemoral  Pain 
Syndrome  and  Shin  Splint  Injuries  by  Selected  Knee  Anatomic 
Measures  Among  Female  Marine  Corps  Recruits  (n  =  748) 


PFPS 

Shin  Splints 

Knee  Measures 

N 

(%) 

OR  95%  Cl 

(%) 

OR  95%  Cl 

Knee  alignment 

Neutral 

81 

3.7 

1.0 

9.9 

1.0 

Varus 

147 

8.2 

2.3  (0.6-8.4) 

8.8 

0.9  (0.4-2.2) 

Valgus 

399 

7.0 

2.0  (0.6-6. 6) 

5.3 

0.5  (0.2- 1.2) 

1  Valgus/ 1  Varus 

121 

8.3 

2.3  (0.6-8. 8) 

7.4 

0.7  (0.3-2.0) 

Q  Angle 

R  <  20° 

466 

4.9 

1.0 

8.6 

1.0 

R  >  20° 

282 

10.6 

2.3  ( 1 .3—4.0) 

3.9 

0.4  (0.2-0.9) 

L  <  20° 

459 

5.4 

1.0 

7.0 

1.0 

L  >  20°  289 

Knee  Extension  (hyper) 

9.7 

1.9(1. 1-3.3) 

6.6 

0.9  (0.5-1. 7) 

R  <  5° 

542 

6.8 

1.0 

6.1 

1.0 

R  >  6° 

206 

7.8 

1.2  (0.6-2. 1) 

8.7 

1.5  (0.8-2.7) 

L  <  5° 

518 

5.6 

1.0 

6.4 

1.0 

L  >  6° 

230 

10.4 

2.0(1. 1-3.5) 

7.8 

1.3  (0.7-2. 3) 

OR,  odds  ratio;  Cl,  confidence  interval;  PFPS,  patellofemoral  pain  syndrome; 
R,  right  limb;  L,  left  limb. 


DISCUSSION 

There  is  sports  medicine  literature  suggesting  that  the  extremes 
of  anatomic  variation  and  malalignment  of  the  lower  extrem¬ 
ity  predispose  runners  and  athletes  to  musculoskeletal  overuse 
injury  due  to  abnormal  mechanical  stress.12  Yet,  most  studies 
reporting  on  risk  factors  for  overuse  injuries  have  not  speci¬ 
fied  clinical  or  threshold  cut  points  that  suggest  abnormality 
or  excessive  risk.  Instead,  the  “risk”  has  primarily  been  evalu¬ 
ated  by  comparing  mean  differences  between  injured  and  non- 
injured  runners2a~23  or  recruits.9  However,  comparing  mean 
values  alone  may  be  misleading  if  injury  risk  is  increased 
by  either  abnormally  large  or  abnormally  small  values. 61 7,24 
Furthermore,  reporting  mean  values  exclusively  does  not  facil¬ 
itate  interpretation  in  the  clinical  setting.  Thus,  we  presented 
our  data  by  known  or  suggested  clinical  thresholds  or  distribu¬ 
tion-based  categorizations  to  compare  the  risk  of  injury  using 
varying  degrees  or  levels  (e.g.,  Q  angle  <20°/>20°)  of  the  risk 
factor. 

The  results  of  our  study  indicated  that  only  4  of  the  10 
lower  extremity  anthropometric  measures  were  associated 
with  increased  risk  for  an  overuse  injury  that  they  were  devel¬ 
oped  to  identify.  We  also  found  that  several  anthropometric 
measures  were  able  to  predict  the  likelihood  of  multiple  injury 
types. 


TABLE  III.  Unadjusted  Odds  Ratios  of  Patellofemoral  Pain 
Syndrome  and  Shin  Splint  Injuries  by  Selected  Ankle/Foot 
Anatomic  Measures  Among  Female  Marine  Corps 
Recruits  (n  =  748) 


PFPS 

Shin  Splints 

Ankle/Foot  Measures 

N 

(%) 

OR  95%  Cl 

(%> 

OR  95%  Cl 

Dorsiflexion  I 

R<  10° 

206 

5.8 

0.7  (0.4-1. 4) 

6.3 

1.1  (0. 5-2.0) 

R  1 1-20° 

487 

8.0 

1.0 

6.2 

1.0 

R  >  21° 

55 

3.6 

0.4  (0.1- 1.9) 

14.5 

2.6  (1.1  -6.0) 

L<  10° 

257 

6.2 

0.8  (0.5-1. 5) 

8.2 

1.6  (0. 9-3.0) 

L  11-20° 

446 

7.4 

1.0 

5.2 

1.0 

L  >  21° 

45 

8.9 

1.2  (0.4—3. 6) 

15.6 

3.4(1. 4-8.4) 

Hindfoot  Eversion 

R  0-1° 

68 

7.4 

1.1  (0.4-2.9) 

10.3 

1.6  (0.7-3. 8) 

R  2-10° 

446 

6.7 

1.0 

6.7 

1.0 

R>  11° 

234 

7.7 

1.2  (0.6-2. 1) 

6.0 

0.9  (0.5-1. 7) 

L  0-1° 

78 

10.3 

1.4  (0.6-3. 0) 

11.5 

2.0  (0.9-4. 4) 

L  2-10° 

489 

7.8 

1.0 

6.1 

1.0 

L>  11° 

181 

3.9 

0.5  (0.2-1. 1) 

6.6 

1.1  (0.5-2. 2) 

Arch  Index0 

R  Low  (<0. 1 49) 

150 

8.0 

1.1  (0.6-2.2) 

8.0 

1.1  (0.6-2. 2) 

R  Normal 

446 

7.4 

1.0 

7.2 

1.0 

(0.150-0.216) 

RHigh  (>0.217) 

152 

5.3 

0.7  (0.3-1. 5) 

4.6 

0.6  (0.3-1. 5) 

LLow  (<0. 1 49) 

152 

7.2 

1.0  (0.5-2.0) 

9.2 

1.4  (0.7-2. 6) 

L  Normal 

446 

7.4 

1.0 

7.0 

1.0 

(0.150-0.216) 

L  High  (>0.217) 

150 

6.0 

0.8  (0.4-1. 7) 

4.0 

0.6  (0.3-1. 4) 

OR,  odds  ratio;  Cl,  confidence  interval;  PFPS,  patellofemoral  pain  syndrome; 
R,  right  limb;  L,  left  limb. 

°Arch  index:  high  and  low  categories  based  on  top  and  bottom  quintiles. 
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TABLE  IV.  Adjusted  Odds  Ratios  Patellofemoral  Pain  Syndrome 
and  Shin  Splint  injuries  by  Selected  Anatomic  Measures* 
Among  Female  Marine  Corps  Recruits 


Anatomic  Variable 

PFPS 

AOR  95%  CIa 

Shin  Splints 

AOR  95%  Cl" 

HiP 

Femoral  Internal  Rotation 

L  <  25°  i  4.6  (2.1-10.2) 

L  26-45° 

1.0 

- 

L  >  46° 

2.2  (1. 1-4.2) 

- 

Pelvic  Width/Femur  Length  Ratio* 

Narrow  (<0.26)  1 

1.9  (0.9— 3.9) 

Normal  (0.27-0 

30) 

1.0 

Wide  (>0.3 1) 

_ 

1.4  (0.6-3. 1) 

Knee 

Q  Angle 

R  <  20° 

1.0 

1.0 

R  >  20° 

2.5  (1. 4-4.6) 

0.4  (0.2-0.8) 

Knee  Extension 

L  <  5° 

1.0 

- 

L  >  6° 

2.1  (1. 2-3.7) 

- 

Ankle/Foot 

Dorsiflexion 

L<  10° 

- 

1.6  (0.9-3. 0) 

L  1 1-20° 

- 

1.0 

L  >  21° 

- 

3.7  (1. 4-9.6) 

AOR,  adjusted  odds  ratio;  Cl,  confidence  interval;  PFPS,  patellofemoral  pain 
syndrome;  R,  right  limb;  L,  left  limb. 

"Adjusted  for  age,  height,  and  weight.  *Pelvic  width/femur  length  ratio:  nar¬ 
row  and  wide  categories  based  on  top  and  bottom  quintiles. 


Anatomic  Measures  and  PFPS 

Our  findings  support  the  theory  that  PFPS  may  be  influ¬ 
enced  by  the  segmental  interactions  of  the  lower  extrem¬ 
ity.25  Theoretically,  a  large  Q  angle  increases  the  lateral  pull 
on  the  patella  against  the  lateral  femoral  condyle,  contribut¬ 
ing  to  patellar  subluxation  and  other  patellofemoral  pain  disor¬ 
ders.25  As  suggested  by  previous  reports, 22,25,26  we  found  that  a 
large  Q  angle  and  greater  femoral  internal  rotation  and  (hyper) 
knee  extension  increased  the  risk  for  PFPS.  To  the  best  of  our 
knowledge,  the  current  study  is  the  first  to  report  the  associa¬ 
tion  between  Q  angle  and  PFPS  in  female  recruits.  Our  find¬ 
ing  is  consistent  with  a  previous  study  of  female  high  school 
runners,  which  foun|d  an  association  between  knee  pain  and  a 
Q  angle  using  a  criterion  of  20°  or  more.26  While  others20,22 
have  also  reported  that  runners  with  PFPS  had  higher  Q-angle 
values  than  noninjured  runners,  results  were  not  reported  sepa¬ 
rately  for  female  runners.  As  there  is  increasing  evidence  to  sug¬ 
gest  that  a  large  Q  angle  may  increase  the  risk  of  knee  overuse 
injury,  we  propose  that  the  Q-angle  measurement  be  included 
in  the  pretraining  evaluation  of  female  recruits  for  PFPS. 

The  Q  angle  can  be  influenced  by  tibial  and  femoral  rota¬ 
tion.  It  has  been  theorized  that  excessive  femoral  internal 
rotation  may  increase  the  Q  angle  but  also  influence  patellar 
alignment  and  kinematics,  thereby  creating  PFPS.25  Our  find¬ 
ing  that  recruits  with  excessive  hip  (femoral)  internal  rotation 
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were  at  increased  risk  of  PFPS,  independent  of  Q  angle,  sup¬ 
ports  this  theory.  However,  we  also  found  that  those  with  lim¬ 
ited  femoral  internal  rotation  were  at  increased  risk  of  PFPS. 
As  suggested  by  Powers  et  al.,27  limited  femoral  internal  rota¬ 
tion  among  those  with  PFPS  may  be  due  to  compensatory 
strategies  to  reduce  the  Q  angle.  Because  there  are  limited 
reports  on  the  association  between  femoral  internal  rotation 
and  PFPS,  future  studies  are  warranted. 

Athletes  with  genu  recurvatum,  knee  extension  greater 
than  5°,  may  be  more  likely  to  experience  anteromedial  pain 
due  to  compressive  forces  at  the  medial  tibiofemoral  com¬ 
partment  (accentuated  if  a  varus  alignment  is  present).18  Both 
our  univariate  and  adjusted  models  confirmed  this  finding. 
Recruits  with  a  left  knee  hyperextension  >6°  were  more  likely 
to  incur  PFPS  than  recruits  with  <5°.  We  are  unaware  of  any 
previous  studies  that  have  examined  increased  knee  exten¬ 
sion  and  PFPS  or  other  lower  extremity  injury  among  female 
recruits  or  runners.  Although  Cowan  et  al.12  found  an  associa¬ 
tion  between  increased  knee  extension  and  all  lower  extremity 
overuse  injuries  combined,  no  association  was  reported  spe¬ 
cifically  between  knee  extension  and  PFPS. 

Anatomic  Measures  and  SS 

We  found  that  recruits  with  right  or  left  excessive  (>21°) 
dorsiflexion  were  more  likely  to  have  an  SS  injury.  We  are 
unaware  of  previous  studies  that  have  examined  the  relation¬ 
ship  between  dorsiflexion  and  SS  injury  in  military  recruits, 
regardless  of  gender.  Messier  et  al.23  found  no  association 
between  dorsiflexion  and  SS  injuries  in  adult  recreational  and 
competitive  runners.  However,  a  comparison  between  studies 
is  difficult  since  their  findings  were  not  stratified  by  gender 
and  mean  values  were  compared  between  injured  and  nonin¬ 
jured  runners. 

Pelvic  width/femur  length  ratio  and  Q  angle  may  be  con¬ 
strued  as  partial  measures  of  hip  and  knee  valgus/varus  align¬ 
ment.28'30  In  our  sample,  the  directions  of  both  measures 
suggest  that  recruits  with  a  varus  alignment  were  at  greater 
risk  for  SS.  In  our  adjusted  model,  a  small  Q  angle  was  asso¬ 
ciated  with  SS  injuries.  Furthermore,  while  a  significant  asso¬ 
ciation  was  observed  between  SS  and  narrow  pelvic  width/ 
femur  length  ratio  in  our  unadjusted  estimates,  this  associa¬ 
tion  was  only  of  borderline  significance  in  the  final  adjusted 
model.  Similar  to  PFPS  injuries,  these  hip-knee  measures 
help  support  the  closed-kinetic  theory  that  abnormal  segments 
in  one  body  region  may  identify  those  at  greater  risk  for  an 
injury  at  a  different  lower  extremity  region. 

In  our  adjusted  models,  we  found  that  left  ankle  dorsiflexion 
ROM  >2 1  °  was  associated  with  SS.  Since  there  are  many  param¬ 
eters  of  the  ankle  and  foot  during  running  and  marching,  we  are 
unclear  of  the  exact  role  that  a  large  dorsiflexion  contributed  to 
the  increased  association  with  SS.  However,  we  speculate  that 
those  with  an  excessive  dorsiflexion  might  not  have  adequate 
foot  muscle  strength  to  support  the  increased  ROM  dynamic  to 
offset  the  increased  amount  of  ground  reaction  forces,  or  that 
the  increased  motion  may  alter  foot  biomechanics. 
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Strengths  and  Limitations 

Several  strengths  of  this  study  should  be  noted.  First,  the  pro¬ 
spective  design  allowed  the  risk  profile  of  each  recruit  to  be 
established  before  injuries  occurred,  reducing  the  likelihood  of 
recall  or  measurement  bias.31  The  large  sample  size  provided 
adequate  power  to  examine  multiple  potential  risk  factors 
(anatomic  measures)  concurrently.  Second,  since  all  injuries 
were  diagnosed  by  the  same  sports  medicine  physician,  the 
misclassification  of  specific  injury  type  was  likely  decreased. 
Third,  we  measured  both  limbs  of  each  recruit.  Because  not 
all  anatomic  measures  are  bilaterally  symmetric,  this  allowed 
us  to  identify  limbs  that  were  abnormal  on  either  side,  a  find¬ 
ing  that  might  not  have  been  captured  if  we  had  measured 
only  one  side.2632  Fourth,  standard  training,  geographic  and 
ambient  conditions,  training  surface  and  equipment,  including 
footwear,  controlled  for  extrinsic  variables  known  to  be  asso¬ 
ciated  with  overuse  injuries,  allowed  a  more  direct  study  of 
intrinsic  risk  factors.  Finally,  military  populations  have  access 
to  medical  care,  which  increases  accurate  reporting  and  track¬ 
ing  of  personnel. 

Limitations  of  our  study  should  be  acknowledged.  First, 
some  recruits  may  not  have  reported  their  injury  for  fear  of 
being  withheld  from  training.  Second,  minor  injuries  or  those 
with  minimal  pain,  especially  near  the  end  of  the  training  pro¬ 
gram,  also  might  have  been  missed.  Third,  we  were  unable  to 
examine  whether  a  right  or  left  anatomic  measure  was  associ¬ 
ated  with  a  right  or  left  injury  because  information  regarding 
side  of  injury  was  not  captured.  Studies  in  female  runners, 
basketball  players,  and  those  with  anterior  knee  pain  have 
reported  mixed  findings  of  the  relationship  between  the  side  of 
injured  limb  and  side  of  abnormal  anatomic  measure.17’263435 
Thus,  we  recommend  that  studies  are  needed  to  examine 
the  affect  of  sidedness  and  injury  in  female  recruits.  Finally, 
although  digitized  slides12  or  other  dynamic  motion  analyses 
may  have  provided  more-sensitive  anatomic  information,  the 
tests  performed  in  the  current  study  are  inexpensive  and  can 
be  reliably  performed  with  appropriate  training. 

Recommendations  for  Future  Research 

Our  findings  should  be  confirmed  in  other  cohorts.  As  sug¬ 
gested  by  several  studies,  we  recommend  that  data  be  grouped 
according  to  measured  clinical  criterion  values  so  that  results 
are  more  transferable  for  clinical  interpretation.6’242633  We 
also  recommend  that  future  studies  should  focus  on  preven¬ 
tive  interventions  and/or  orthotics  that  have  been  shown  to 
reduce  biomechanical  imbalances  or  structural  differences 
might  then  be  indicated  to  decrease  the  risk  of  lower-extrem¬ 
ity  overuse  injuries.36 

CONCLUSION 

This  prospective  study  of  female  Marine  Corps  recruits  indi¬ 
cated  that  several  static  alignment  factors  were  associated 
with  PFPS  and  SS.  If  the  findings  of  this  study  are  confirmed 
by  future  research,  many  of  these  measures  can  be  feasibly 


implemented  during  prebasic  training  screening  for  recruits  or 
other  similar  athletic  populations. 

ACKNOWLEDGMENTS 

This  research  has  been  conducted  in  compliance  with  all  applicable  federal 
regulations  governing  the  protection  of  human  subjects  in  research  protocol 
NHRC. 2002. 0020.  This  work  was  supported  by  the  Department  of  Defense, 
under  work  unit  no.  602 1 3. 

REFERENCES 

1.  Almeida  SA,  Trone  DW,  Leone  DW,  Shaffer  RA,  Patheal  SL,  Long  K: 
Gender  differences  in  musculoskeletal  injury  rates:  a  function  of  symp¬ 
tom  reporting?  Med  Sci  Sports  Exerc  1999;  31:  1807-12. 

2.  Bell  NS,  Mangione  TW,  Hemenway  D,  Amoroso  PJ,  Jones  BH:  High 
injury  rates  among  female  Army  trainees:  a  function  of  gender?  Am 
J  Prev  Med  2000;  18(suppl):  141-6. 

3.  Jones  BH,  Bovee  MW,  Harris  JM,  Cowan  DN:  Intrinsic  risk  factors  for 
exercise-related  injuries  among  male  and  female  Army  trainees.  Am 
J  Sports  Med  1993;21:705-10. 

4.  Kowal  DM:  Nature  and  causes  of  injuries  in  women  resulting  from  an 
endurance  training  program.  Am  J  Sports  Med  1980;  8:  265-9. 

5.  MacLeod  MA,  Houston  AS,  Sanders  L,  Anagnostopoulos  C:  Incidence 
of  trauma  related  stress  fractures  and  shin  splints  in  male  and  female 
Army  recruits:  retrospective  case  study.  BMJ  1999;  318:  29. 

6.  Jones  BH,  Thacker  SB,  Gilchrist  J,  Kimsey  CD,  Sosin  DM:  Prevention 
of  lower  extremity  stress  fractures  in  athletes  and  soldiers:  a  systematic 
review.  Epidemiol  Rev  2002;  24:  228—47. 

7.  RauhMJ,  MaceraCA,  Trone  DW,  Shaffer  RA,  BrodineSK:  Epidemiology 
of  stress  fracture  and  overuse  injury  in  women  recruits.  Med  Sci  Sports 
Exerc  2006;  38:  1571-7. 

8.  Shaffer  RA,  Rauh  MJ,  Trone  DW,  Brodine  SK,  Macera  CA:  Predictors  of 
stress  fracture  susceptibility  in  young  women  recruits.  Am  J  Sports  Med 
2006;34:108-15. 

9.  Winfield  AC,  Bracker  M,  Moore  J,  Johnson  CW:  Risk  factors  associated 
with  stress  reactions  in  female  Marines.  Mil  Med  1997;  162:  698-702. 

10.  Lappe  JM,  Stegman  MR,  Recker  RR:  The  impact  of  lifestyle  factors  on 
stress  fractures  in  female  recruits.  Osteoporos  Int  2001 ;  12:  35-42. 

11.  Henderson  NE,  Knapik  JJ,  Shaffer  SW,  McKenzie  TH,  Schneider  GM: 
Injuries  and  injury  risk  factors  among  men  and  women  in  U.S.  Army 
Combat  Medic  Advanced  individual  training.  Mil  Med  2000;  165: 
647-52. 

12.  Cowan  DN,  Jones  BH,  Frykman  PN,  et  al:  Lower  limb  morphology  and 
risk  of  overuse  injury  among  male  infantry  trainees.  Med  Sci  Sports 
Exerc  1996;  28:  945-52. 

13.  Cowan  DN,  Jones  BH,  Robinson  JR:  Foot  morphologic  characteristics 
and  risk  of  exercise-related  injury.  Arch  Fam  Med  1993;  2:  773-7. 

14.  World  Health  Organization:  International  Classification  of  Diseases,  Vol  1 , 
9th  Revision,  clinical  modification:  ICD-9-CM,  Ed  4,  pp  161-172. 
Geneva,  WHO,  1994. 

15.  Russe  O  (editor):  Atlas  of  Examination,  Standard  Measurements  and 
Diagnosis  in  Orthopedics  and  Traumatology,  pp  121-231.  Bern,  Hans 
Huber  Publishers,  1972. 

16.  Hoppenfeld  S:  Physical  Examination  of  the  Spine  and  Extremities, 
pp  143-236.  Norwalk,  CT,  Appleton-Century-Crofts,  1976. 

1 7.  Rauh  MJ,  Koepsell  TD,  Rivara  FP,  Margherita  AJ,  Rice  SG:  Epidemiology 
of  musculoskeletal  injuries  among  high  school  cross-country  runners. 
Am  J  Epidemiol  2006;  163:  151-9. 

1 8.  Loudon  JK,  Goist  HL,  Loudon  KL:  Genu  recurvatum  syndrome.  J  Orthop 
Sports  Phys  Ther  1998;  27:  361-7. 

1 9.  Norkin  CC,  Levangie  PK:  Joint  Structure  and  Function:  A  Comprehensive 
Analysis,  Ed  2,  pp  337-418.  Philadelphia,  F.  A.  Davis,  1992. 

20.  Duffey  MJ,  Martin  DF,  Cannon  DW,  Craven  T,  Messier  SP:  Etiologic 
factors  associated  with  anterior  knee  pain  in  distance  runners.  Med  Sci 
Sports  Exerc  2000;  32:  1825-32. 


334 


MILITARY  MEDICINE,  Vol.  175,  May  2010 


Selected  Static  Anatomic  Measures  Predict  Overuse  Injuries  in  Female  Recruits 


21.  Lun  V,  Meeuwisse  jWH,  Stergiou  P,  Stefanyshyn  D:  Relation  between 
running  injury  and  static  lower  limb  alignment  in  recreational  runners. 
Br  J  Sports  Med  2004;  38:  576-80. 

22.  Messier  SP,  Davis  SE,  Curl  WW,  Lowery  RB,  Pack  RJ:  Etiologic  factors 
associated  with  patellofemoral  pain  in  runners.  Med  Sci  Sports  Exerc 
1991;  23:  1008-1 5.  j 

23.  Messier  SP,  Pittala  KA:  Etiologic  factors  associated  with  selected  run¬ 
ning  injuries.  Med  Sci  Sports  Exerc  1988;  20:  501-5. 

24.  Knapik  JJ,  Jones  BH,  Bauman  CL,  Harris  JM:  Strength,  flexibility  and 
athletic  injuries.  Sports  Med  1992;  14:  277-88. 

25.  Powers  CM:  The  influence  of  altered  lower-extremity  kinematics  on 
patellofemoral  joint  dysfunction:  a  theoretical  perspective.  J  Orthop 
Sports  Phys  Ther  2003;  33:  639^16. 

26.  Rauh  MJ,  Koepsell  TD,  Rivara  FP,  Rice  SG,  Margherita  AJ:  Quadriceps 
angle  and  risk  of  injury  among  high  school  cross-country  runners. 
J  Orthop  Sports  Phys  Ther  2007;  12:  725-33. 

27.  Powers  CM,  Chen  P^Y,  Reischl  SF,  Perry  J:  Comparison  of  foot  pronation 
and  lower  extremity,  rotation  in  persons  with  and  without  patellofemoral 
pain.  Foot  Ankle  Int  2002;  23:  634-40. 

28.  Horton  MG,  Hall  TL:  Quadriceps  femoris  muscle  angle:  normal  values 
and  relationships  with  gender  and  selected  measures.  Phys  Ther  1989; 
69:897-901. 


29.  Pantano  KJ,  White  SC,  Gilchrist  LA,  Leddy  J:  Differences  in  peak  valgus 
angles  between  individuals  with  high  and  low  Q-angles  during  a  single 
limb  squat.  Clin  Biomech  (Bristol,  Avon)  2005;  20:  966-72. 

30.  Woodland  LH,  Francis  RS:  Parameters  and  comparisons  of  the  quadri¬ 
ceps  angle  of  college-aged  men  and  women  in  the  supine  and  standing 
positions.  Am  J  Sports  Med  1992;  31:  208-1 1. 

31.  Walter  SD,  Sutton  JR,  McIntosh  JM,  Connolly  C:  The  aetiology 
of  sport  injuries.  A  review  of  methodologies.  Sports  Med  1985;  2: 
47-58. 

32.  Shultz  SJ,  Nguyen  AD:  Bilateral  asymmetries  in  clinical  measures  of 
lower-extremity  anatomic  characteristics.  Clin  J  Sport  Med  2007;  17: 
357-61. 

33.  Ilahi  OA,  Kohl  HW:  Lower  extremity  morphology  and  alignment  and 
risk  of  overuse  injury.  Clin  J  Sport  Med  1998;  8:  38-42. 

34.  Livingston  LA,  Mandigo  JL:  Bilateral  Q-angle  asymmetry  and  ante¬ 
rior  knee  pain  syndrome.  Clin  Biomech  (Bristol,  Avon)  1999;  14: 
7-13. 

35.  Shambaugh  JP,  Klein  A,  Herbert  JH:  Structural  measures  as  predic¬ 
tors  of  injury  in  basketball  players.  Med  Sci  Sports  Exerc  1991;  23: 
522-7. 

36.  Gross  MT,  Foxworth  JL:  The  role  of  foot  orthoses  as  an  intervention  for 
patellofemoral  pain.  J  Orthop  Sports  Phys  Ther  2003;  33:  661-70. 


i 


MILITARY  MEDICINE,  Vol.  175,  May  2010 


335 


Copyright  of  Military  Medicine  is  the  property  of  Association  of  Military  Surgeons  of  the  United  States  and  its 
content  may  not  be  copied  or  emailed  to  multiple  sites  or  posted  to  a  listserv  without  the  copyright  holder's 
express  written  permission.  However,  users  may  print,  download,  or  email  articles  for  individual  use. 


REPORT  DOCUMENTATION  PAGE 


The  public  reporting  burden  for  this  collection  of  information  is  estimated  to  average  1  hour  per  response,  including  the  time  for  reviewing  instructions,  searching  existing  data 
sources,  gathering  and  maintaining  the  data  needed,  and  completing  and  reviewing  the  collection  of  information.  Send  comments  regarding  this  burden  estimate  or  any  other 
aspect  of  this  collection  of  information,  including  suggestions  for  reducing  the  burden,  to  Washington  Headquarters  Services,  Directorate  for  Information  Operations  and  Reports, 
1215  Jefferson  Davis  Highway,  Suite  1204,  Arlington,  VA  22202-4302,  Respondents  should  be  aware  that  notwithstanding  any  other  provision  of  law,  no  person  shall  be  subject 
to  any  penalty  for  failing  to  comply  with  a  collection  of  information  if  it  does  not  display  a  currently  valid  OMB  Control  number.  PLEASE  DO  NOT  RETURN  YOUR  FORM  TO 
THE  ABOVE  ADDRESS. 


1.  REPORT  DATE  (DD  MM  YY) 

04/22/08 


2.  REPORT  TYPE 

Journal  article 


3.  DATES  COVERED  (from  -  to) 

03/95  to  09/96 


4.  TITLE  AND  SUBTITLE 

Selected  Static  Anatomic  Measures  Predict  Overuse  Injuries  in  Female 
Military  Recruits _ 


6.  AUTHORS 

Mitchell  J.  Rauh,  PhD,  PT,  MPH,  FACSM;  Caroline  A.  Macera,  PhD,  FACSM; 
Daniel  W.  Trone,  MS;  Jared  P.  Reis,  PhD;  Richard  A.  Shaffer,  PhD _ 


5a.  Contract  Number: 

5b.  Grant  Number: 

5c.  Program  Element  Number: 
5d.  Project  Number: 

5e.  Task  Number: 

5f.  Work  Unit  Number:  60609 


7.  PERFORMING  ORGANIZATION  NAME(S)  AND  ADDRESS(ES) 

Commanding  Officer 
Naval  Health  Research  Center 
140  Sylvester  Road 

San  Diego,  CA  92106-3521 _ 


8.  PERFORMING  ORGANIZATION  REPORT 
NUMBER 


8.  SPONSORING/MONITORING  AGENCY  NAMES(S)  AND  ADDRESS(ES) 

Commanding  Officer  Commander 

Naval  Medical  Research  Center  Navy  Medicine  Support  Command 

503  Robert  Grant  Ave  P.O.  Box  140 

Silver  Spring,  MD  20910-7500  Jacksonville,  FL  32212-0140 


Report  No.  08-15 


10.  SPONSOR/MONITOR’S  ACRONYM(S) 
NMRC/NMSC 


11.  SPONSOR/MONITOR’S  REPORT 
NUMBER(s) 

NMRC/NMSC 


12.  DISTRIBUTION/AVAILABILITY  STATEMENT 

Approved  for  public  release:  distribution  is  unlimited. 


13.  SUPPLEMENTARY  NOTES 


14.  ABSTRACT 

Background/Purpose:  Overuse  injuries  account  for  substantial  time  lost  or  training  activities,  especially  in  young  women 
undergoing  U.S.  Marine  Corps  basic  training.  The  purpose  of  this  study  was  to  explore  static  anatomic  measures  that  may 
identify  recruits  with  anatomic  irregularities/malaligment  that  may  place  them  at  increased  risk  for  four  common  overuse 
injuries:  iliotibial  band  syndrome  (ITBS),  patellofemoral  pain  syndrome  (PFPS),  shin  splints  (SS),  and  plantar  fasciitis  (PF) 
during  basic  training.  Methods:  Data  collected  included  10  anatomic  measures  performed  on  a  sample  of  748  women 
prior  to  basic  training  at  the  Marine  Corps  Recruit  Depot  (MCRD),  Parris  Island,  in  1995-1996.  Recruits  were  then  followed 
throughout  basic  training  for  occurrence  of  acute  and  overuse  injuries.  Results:  Of  the  748  recruits,  7.5%  (n=56)  were 
diagnosed  with  PFPS,  7.2%  (n=54)  with  SS,  3.2%  (n=24)  with  ITBS,  and  2.9%  (n=22)  with  PF.  We  found  that  left-hip 
internal  rotation  range  of  motion  (ROM)  <25°  and  >46°,  a  right  O-angle  >20°,  and  left-knee  hyperextension  ROM  >6°  were 
positively  associated  with  PFPS.  In  addition,  a  narrow  pelvic  width/femur  ratio  and  left-ankle  dorsiflexion  ROM  >21°were 
associated  with  SS  injury.  A  right  Q-angle  >20°  was  inversely  associated  with  SS  injury.  Conclusions:  Our  findings 
suggest  that  multiple  anatomic  tests  can  be  used  to  identify  women  entering  MCRD  basic  training  at  risk  for  PFPS  and  SS. 
Prophylactic  or  pretraining  activities  designed  to  improve  or  correct  malalignment  may  help  reduce  training-related  overuse 
injuries. 


14.  SUBJECT  TERMS 

malalignment,  women,  military  training,  overuse  syndrome,  prospective  cohort 

1 16.  SECURITY  CLASSIFICATION  OF: 

17.  LIMITATION 

18.  NUMBER 

18a.  NAME  OF  RESPONSIBLE  PERSON 

a.  REPORT 

b.  ABSTRACT 

c.  THIS  PAGE 

OF  ABSTRACT 

UNCL 

OF  PAGES 

p 

Commanding  Officer 

UNCL 

UNCL 

UNCL 

o 

18b.  TELEPHONE  NUMBER  (INCLUDING  AREA  CODE) 

COMM/DSN:  (619)553-8429 

Standard  Form  298  (Rev.  8-98) 
Prescribed  by  ANSI  Std.  Z39-18 


